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EXECUTIVE SUMMARY

On March 28, 2002, Product Quality Research Inditute (PQRI) submitted to FDA its
draft blend uniformity analysis recommendations devel oped by its Blend Uniformity Working
Group (BUWG). The recommendations define the use of an alternative methodology for routine
blend sampling that ensures the adequacy of mixing as required in 21 CFR 211.110(a)(3). More
specifically, BUWG recommends stratified sampling and testing of in-process dosage units to
demonstrate the uniformity of dl production batchesin lieu of routine sampling and testing of the
blend.

Under contract to FDA, Eastern Research Group, Inc. (ERG) conducted a study of the
costs and savings that would result from the adoption of BUWG recommendations by the
pharmaceutical industry. Most of the industry data used in the study comes from two main
sources:. (1) an ERG telephone/mail survey of solid oral drug product manufacturers, and (2) the
BUWG survey of industry practices. ERG also utilized available published literature on issues
related to blend uniformity testing, perceived benefits of adopting the BUWG recommendations,
and other relevant industry statistics. Where data were lacking, ERG employed additional

assumptions and forecasts, as appropriate, to extrapol ate variables of interest.

Using information from FDA’ s Orange Book database and additional data sources, such
as the membership lists of Pharmaceutical Research and Manufacturers of America (PhRMA)
and Generic Pharmaceutical Association (GPhA), ERG estimated that the BUWG proposal will
affect the 218 firms that manufacture at least one solid oral drug product. For analysis purposes,
ERG further classified 45 percent of these firms as innovator and the remaining 55 percent as
generic manufacturers. The stratification was necessary because firms that predominantly
manufacture generic drugs differ from their innovator counterparts in various aspects, such as

average per-firm revenues, number of routine production batches, and number of unique
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(A)NDAs. Further, while all generic manufacturers currently conduct blend uniformity testing on
their routine production batches, manufacturers of most new (innovator) drugs have ceased
routine blend testing of their commercial batches. These differences necessitate an analysis of

economic impacts by type of firm, generic and innovator.

Based on discussions with FDA and drug manufacturers (generic and innovetor), the
tighter BUWG requirements for vaidation batches will impose incrementa costs on dl
manufacturers. Further, all manufacturers will incur one-time coststo modify their
manufacturing tickets and sample handling logistics. They will aso incur costs to plan and
coordinate the incorporation of these changes into their production operations. The tighter
BUWG requirements for validation batches are, however, expected to improve total process and
blending operation control which, in turn, will lead to fewer problems (i.e., fewer out-of-
specification batches, product recalls) during manufacturing. Additionally, given the inherent
sampling error associated with thief sampling of blends, the elimination of routine blend
sampling will entirely diminate out-of-specification (OOS) results arising from blend sampling
errors. Thus, all drug manufacturers will accrue benefits from reductions in OOS batches.
Moreover, manufacturers of generic drugs will realize additional savings with the elimination of

routine blend testing of commercid batches.

Because pharmaceutica companies have not fully implemented the BUWG
recommendations, the expected reduction in OOS result frequency must be forecast. Based on
input from FDA personnel who have participated in the research and devel opment of the BUWG
recommendations, however, ERG judged that the implementation of the alternative methodol ogy
will entirely eliminate those OOS results that are due to blend sampling errors as well as those
that are process related (particle segregation in the powder bed, incorrect mixing time, etc.).
Because there is insufficient information on the share of OOS results due to nonprocess-related
errors (i.e., human error, manufacturing equipment failure) among all OOS results, ERG

estimated economic impacts under the following three scenarios.

Vi
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n Scenario 1 - 95 percent reduction in expected OOS result frequency. This
constitutes the best-case scenario where all OOS results that are not dueto
laboratory errors (estimated to comprise 5 percent of all OOS results) are process-
related and hence are eliminated with the implementation of BUWG
recommendations. This assumes that nonprocess-related errors are rare.

L] Scenario 2 - 90 percent reduction in expected OOS result frequency. Under this
scenario, all OOS results, except for laboratory errors (estimated at 5 percent of all
OOS results) and nonprocess-related errors (forecast at 5 percent of all OOS
results), are eliminated with the implementation of BUWG recommendations.

u Scenario 3 - 80 percent reduction in expected OOS result frequency. This
constitutes the least optimistic scenario where all OOS results, except for
laboratory errors (estimated at 5 percent of all OOS results) and nonprocess-
related errors (forecast at 15 percent of al OOS results), are eliminated with the
implementation of BUWG recommendations.

ERG estimated that the adoption of BUWG recommendations will result in net annual
costs that range from $2,200 to $7,700 for small, from $11,700 to $44,000 for medium, and from
$137,700 to $252,100 for large innovator firms. The generic firms, on the other hand, are
estimated to realize net annual savings that range from $273,000 to $266,000 for small, from
$1.2 million to $1.2 million for medium, and from $7.4 million to $7.3 million for large
manufacturers (see Table E-1). ERG estimated the overall net annual savings to the solid oral
drug product industry at $141.9 million under Scenario 3, $146.0 million under Scenario 2, and
$148.0 million under Scenario 1 (see Table E-2). Under the BUWG proposal, the innovator firms
are expected to incur incremental costs that range from $2.0 million to $4.1 million, mainly due
to tightened testing requirementsfor validation. The generic industry, however, will redize cost

savings of ranging from $146.0 million to $150.0 million.

Vii
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Table E-1: Summary of Per-firm Economic Impacts from the Adoption of BUWG Recommendations Under Different Assumptions on the

Expected Reduction in OOS Result Frequency, by Type of Firm

Innovator Generic
Type of Cost (Saving) Small Medium Large Small Medium Large
Scenario 1 - 95% reduction
Per-firm one-time costs (savings) $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Per-firm recurring costs (savings) $1,214 $7,902 $125,604 ($274,108) ($1,218,147) ($7,468,647)
Per-firm annual costs (savings) [a] $2,164 $11,658 $137,679 ($273,018) ($1,214,577) ($7,448,572)
Scenario 2 - 90% reduction
Per-firm one-time costs (savings) $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Per-firm recurring costs (savings) $3,070 $18,818 $163,753 ($271,781) ($1,207,857) ($7,403,573)
Per-firm annual costs (savings) [a] $4,020 $22,574 $175,828 ($270,692) ($1,204,287) ($7,383,498)
Scenario 3 - 80% reduction
Per-firm one-time costs (savings) $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Per-firm recurring costs (savings) $6,782 $40,651 $240,050 ($267,129) ($1,187,278) ($7,273,425)
Per-firm annual costs (savings) [a] $7,732 $44,407 $252,125 ($266,039) ($1,183,708) ($7,253,350)

[a] The annual costs are equivalent to the sum of one-time costs annualized over a 10-year horizon using a 7 percent discount rate and recurring costs.

viii
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Table E-2: Summary of Total Economic Impacts from the Adoption of BUWG Recommendations Under Different Assumptions on the Expected

Reduction in OOS Result Frequency, by Type of Firm

Innovator Generic
Type of Cost (Saving) Small Medium Large Total Small Medium Large Total Total
Scenario 1 - 95% reduction
Per-firm one-time costs (savings) $506,866 $278,982 $1,029,487 $1,815,335 $703,072 $320,645 $2,069,825 $3,093,542 $4,908,877
Per-firm recurring costs (savings) $92,188 $83,564 $1,524,682 $1,700,434 ($25,178,954) ($15,578,799) ($109,635,795) ($150,393,549) ($148,693,115)
Per-firm annual costs (savings) [a] $164,355 $123,284 $1,671,258 $1,958,897 ($25,078,853) ($15,533,147) ($109,341,098) ($149,953,098) ($147,994,201)
Scenario 2 - 90% reduction
Per-firm one-time costs (savings) $506,866 $278,982 $1,029,487 $1,815,335 $703,072 $320,645 $2,069,825 $3,093,542 $4,908,877
Per-firm recurring costs (savings) $233,188 $199,011 $1,987,759 $2,419,958 ($24,965,261) ($15,447,204) ($108,680,544) ($149,093,010) ($146,673,051)
Per-firm annual costs (savings) [a] $305,355 $238,732 $2,134,335 $2,678,421 ($24,865,160) ($15,401,552) ($108,385,848) ($148,652,559) ($145,974,138)
Scenario 3 - 80% reduction
Per-firm one-time costs (savings) $506,866 $278,982 $1,029,487 $1,815,335 $703,072 $320,645 $2,069,825 $3,093,542 $4,908,877
Per-firm recurring costs (savings)  $515,188 $429,906 $2,913,914 $3,859,008 ($24,537,875) ($15,184,014) ($106,770,043) ($146,491,932) ($142,632,924)
Per-firm annual costs (savings) [a]  $587,354 $469,627 $3,060,489 $4,117,471 ($24,437,773) ($15,138,362) ($106,475,346) ($146,051,481) ($141,934,010)

[a] The annual costs are equivalent to the sum of one-time costs annualized over a 10-year horizon using a 7 percent discount rate and recurring costs
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SECTION ONE

INTRODUCTION

On March 28, 2002, PQRI’s Blend Uniformity Working Group (BUWG) submitted its
blend uniformity analysis recommendations to FDA. The recommendations concern the use of an
alternative methodol ogy to routine blend sampling to ensure adequacy of mixing as defined in 21
CFR 211.110(a)(3). More specifically, BUWG recommended the use of stratified sampling and
testing of in-process dosage units to demonstrate the uniformity of all production batchesin lieu

of sampling and testing of the blend.

Section 1.1 describes the background on the blend uniformity issue and Section 1.2
outlines the BUWG recommendations. The data collection methodol ogies employed in the study
are described in Section 1.3. Finally, Section 1.4 presents the economic impact estimation
methodol ogy, including labor valuations and the estimation of |aboratory testing costs.

1.1 Background

Blend uniformity is addressed in Current Good M anufacturing Practices (cGM Ps)
regulations and drug approva programs. Section 211.110 of cGMPs requires drug manufacturers
to establish “control procedures ... [that] include ... adequacy of mixing to assure uniformity and
homogeneity.” This requirement applies whenever mixing is performed in the manufacturing
process. The cGMP regulations, however, do not specify the blend testing approach for the
evaluation of batch uniformity. Further, the regulations do not prescribe the particulars, i.e.,
equipment, amount, and locations, acceptance criteria, limits, or significance levels of testing

results (Timmermans, 2001).
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Despite the lack of specificity in the regulations, the generic drug industry has been
performing blend testing since the early 1990s on every commercial batch to demonstrate
adequacy of mix under cGMPs. Additionally, some generic drug manufacturers have been
submitting their blend test datato FDA as part of their Abbreviated New Drug Applications
(ANDAYS). The practice is mainly attributable to the 1993 ruling issued by Judge Wolin on the
United States v. Barr Laboratories court case, commonly referred to asthe Barr ruling. This
decision has increased the awareness of both FDA inspectors and drug manufacturers of
unacceptable quality control testing practices, lack of adequate failure investigations, and
inadequate process validation (Jimenez, 1997). The ruling has also formed the legal foundation

for FDA’s enforcement of blend uniformity sampling requirements.

On August 27, 1999, in response to the significant variation in blend testing information
submitted in ANDASs and the variability in FDA reviewers expectations, FDA announced the
availability of adraft guidance for industry titled “ANDAS: Blend Uniformity Analysis.” The
draft guidance provided recommendations to sponsors on the information to be provided in
ANDAsfor solid ora drug products on (1) bioequivalence and demonstration batches; and (2)
in-process acceptance criteriarelated to blend testing. The draft guidance also specified the
necessary sample sizes, number of sampling locations, acceptance criteria, and evaluation of test
results and prescribed blend uniformity testing on every commercial batch. The guidance also left
open the possibility of extending the requirements to NDA products. The draft guidance dso
indicated FDA'’ s intention to seek the support of the PQRI on blend uniformity, and to update the

guidance based on the outcome of any research.

After the release of the draft guidance, FDA received numerous comments from
stakeholders. Comments reflected an industry-wide concern on the use of routine blend testing to
demonstrate adequacy of mix under cGMPs and the limitations of current blend testing, sampling
methodologies, and criteria. Both generic and innovator drug manufacturers provided such
comments (Timmermans, 2001). As aresult of the industry feedback, PQRI formed the BUWG

1-2
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and subsequently directed it to investigate this issue and generate potential solutions or
aternatives. Additionally, FDA withdrew the draft guidance and collaborated with PQRI in the

blend uniformity research.

1.2 BUWG Recommendations on Blend Uniformity

After a2-year effort on March 28, 2002, BUWG submitted its blend uniformity
recommendations to FDA. BUWG recommended an alternative methodol ogy for routine blend
sampling to ensure adequacy of mixing. More specifically, BUWG suggested replacing routine
sampling and testing of the blend with stratified sampling and testing of in-process dosage units
to demonstrate the uniformity of al production batches (Massa, 2002). Under the
recommendations, however, the amount of testing required to satisfy the cGMP requirements
depends on the quality of data generated by testing the batches (exhibit, validation, and routine
production) in accordance with the proposed strategy. For those products that readily comply
with the BUWG acceptance criteria, BUWG suggests that a modified verson of theU.S.
Pharmacopeia (USP) Content Uniformity Test (USP, <905>) will satisfy the cGMP requirement
for adequacy of mix for routine monitoring of production batches. Processes that do not readily

comply will require additional testing for routine production batches (PQRI/BUWG, 2002).

For ANDA exhibit and process validation batches, BUWG recommends both blend and
in-process dosage unit sampling according to the sampling plan depicted in Table 1-1. The
manufacturer of the ANDA product is required to identify the appropriate sampling locations
prior to the manufacture of the exhibit and/or validation batch. The manufacturer isthen to assay

the blend and in-process dosage unit samples. In the event of blending problems, BUWG

1 PQRI is a nonprofit organization consisting of members of industry, government, and academia.
The mission of PQRI isto conduct research to generate scientific information to support regulatory
policy and help identify the types of product quality information that should be submitted in aregulatory
filing to CDER (PQRI, 2003).

1-3
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recommends further process development. Appendix A describes the BUWG recommendations
by which manufacturers must demonstrate adequacy of mix and content uniformity for ANDA
exhibit and validation batches.

Table 1-1: Sampling Plans for ANDA Exhibit and Process Validation Batches

Blend Dosage Unit
Identify at least 10 locations in the blender from which  Identify at least 20 locations throughout the
to pull blend samples. Locations must be carefully compression or filling operation to obtain dosage units.
chosen to represent potential areas of poor blending. The sampling locations must be carefully chosen to
For example, in tumbling blenders (such as V-blenders, represent significant events (e.g., hopper changeover)
double cones, or drum mixers), samples should be during the compression or filling process including
selected from at least 2 depths along the axis of the samples from the beginning and end of the
blender. compression or filling operation. Take at least 7 dosage

units from each location.

For convective blenders (such as aribbon blender), a
special effort should be made to implement uniform
volumetric sampling, including the corners and
discharge area (at least 20 locations are suggested to
adequately validate convective blenders). T ake at least
3 replicate samples from each location.

Source: PQRI/BUWG, 2002

For routine production batches, BUWG recommends in-process dosage unit analysisin
lieu of blend and compendial testing. To utilize this method, however, manufacturers must
demonstrate that testing of in-process stratified dosage unit samples provides at least equivalent
control (i.e., sensitivity to lack of uniformity) to compendial testing of finished dosage units for
each ANDA exhibit and validation batch. Upon demonstration of such ardationship, the BUWG
recommendations allow the manufacturer to cease compendial testing all together for
demonstrating Uniformity of Dosage Units by Content Uniformity. If the relationship between
in-process and compendid testing cannot be demonstrated as proposed, then the manufacturer is

required to conduct both in-process stratified and finished product compendial testing.

BUWG specifies different testing methodologies as well as a switching regime between
testing methods for “readily-compliant” and “marginally-compliant” routine production batches

to demonstrate adequacy of mix and content uniformity (see Appendix B). Under the

1-4
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recommendations, products with relative standard deviation (RSD) values of less than or equd to
4.0 percent for in-process dosage units of each exhibit and vdidation batch (with all mean results
falling within 90.0 and 110.0 percent and all individual results between 75.0 and 125.0 percent),
are considered readily compliant. Products yielding marginal results (i.e., at least one of the
exhibit or validation batches have an RSD value greater than 4.0 but less than or equal to 6.0
percent for in-process dosage units) are considered margindly compliant. BUWG recommends
additiond testing of in-process dosage units for marginally compliant batches, as depicted in
Appendix B.

1.3 Data Collection Methodology

Most of theindustry data used in the economic analysis comes from two main sources:
(1) an ERG survey of drug manufacturers and (2) the BUWG survey of industry practices. ERG
also used available published literature on issues related to blend uniformity testing and
perceived benefits of adopting the BUWG recommendations.

ERG conducted a small telephone survey of solid oral drug product manufacturers.? The
survey elicited information on current blend uniformity practices, including the number of
samples taken and analyzed, sampling costs, and types of analytical tests performed. Companies
were also asked to provide information on (1) various company characteristics (employment size,
number of solid oral drug products manufactured, number of validation and routine production
batches produced per annum, and average value per batch) and (2) forecasts of costs/savings, if
any, under BUWG recommendations. To minimize the reporting burden on companies, the
survey requested most data on a “representative” batch basis, where a representative batch was
defined as one that adequately characterized the majority of batches manufactured by the

2 Although amail questionnaire was prepared, telephone interviews proved to be more ef fective
in eliciting company responses. One company, however, also completed the mail questionnaire.

1-5
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responding company. ERG had telephone conversations with executives of two generic and two
innovator companies. These discussions were with executives in the Statistics and Product
Quality departments of these companies. ERG also used the results of the BUWG survey of
current industry practices to supplement the data generated by the ERG survey. Because ERG did
not have access to the survey database of individual responses, however, separate tabulations by

company size were not compiled.

1.4 Economic Impact Estimation Protocols

This section presents the protocols used in estimating the economic impacts of BUWG
recommendations on solid oral drug manufacturers, including labor valuations and laboratory
testing costs. Some companies contacted indicated having adopted a modified version of the
BUWG recommendations for validation. None of the companies indicated using the
methodology described in the BUWG proposal for routine production, however. Overal, the
majority of companies contacted did not have any concrete experience in in-process content
uniformity testing and lacked any forecasts of net savings/cos impacts associated with BUWG
recommendations. Thus, ERG employed additional assumptions and estimates, as appropriate, to
extrapolate incremental economic impacts. Section Three discusses all assumptions and

extrapolaions used in the economic impact estimation in further detail .

1.4.1 Labor Valuations

ERG used occupational wage data published by the Bureau of Labor Statistics (BLS) to
value manufacturer labor hours. The reported wage rates were inflated by 37.6 percent (whichis
the ratio of total benefits to wages and salaries reported by the BLS) to reflect fringe benefits
(BLS, 2002). Table 1-2 presents the wage rates used for various labor categories in the economic

impact analysis.
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Table 1-2: Wage Rates Used in Labor Valuation Calculations

Mean Mean Hourly
Hourly Wage and
Type of Personnel Applicable SOC Code [a] Wage Fringe [b] Fringe [c]
Production operator 51-9023: Mixing and Blending M achine Setters, $13.36 $5.02 $18.38
Operators, and Tenders
Laboratory technician ~ 29-2012: Medical and Clinical Laboratory $14.52 $5.45 $19.97
Technicians
Statistician 15-2041: Statisticians $27.44 $10.31 $37.75
Mid-level manager 11-3051: Industrial Production Managers $32.84 $12.34 $45.18
M anager 11-1021: General and Operations M anagers $35.37 $13.29 $48.66

Source: BLS, 2001 and BLS, 2002

[a] Refersto the 7-digit Standard Occupational Classification (SOC) code for the occupation in data provided by the
Bureau of Labor Statistics.

[b] Estimated at 37.6 percent of the reported mean hourly wage rate.
[c] Computed as the sum of mean hourly wage and fringe benefits.

1.4.2 Laboratory Testing Costs

The most common laboratory procedures used in testing dose uniformity include, but are
not limited to, liquid chromatography (HPL C), thin layer chromatography, gas chromatography,
infrared spectroscopy, and atomic absorption spectroscopy. Most large pharmaceutical
companies have in-house laboratories where these tests are conducted. Smaller drug

manufacturers and start-up companies, however, may use outside testing laboratories.

To estimate the per-sample dose uniformity testing costs, ERG obtained price quotes for
the various procedures commonly used from its own testing laboratory in Morrisville, NC, as
well as an independent testing laboratory serving the pharmaceutical industry. Table 1-3 presents
these per-sampl e testing costs by type of procedure and by source. ERG estimated the per-sample
testing cost by procedure by averaging the two reported prices and deflating the result by 30

percent to reflect scale economies from frequent testing.®

3 The 30 percent price discount is based on the reported volume discount by ChemTest
Laboratories (ChemTes Laboratories, 2003).

1-7
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Table 1-3: Active Ingredient Analysis Testing Costs

Type of Test Laboratory 1 [a] Laboratory 2 [b] Average [c]
Activeingredient assay $600 to $1,200 $75 $446
Infrared Spectroscopy $50 to $75 $75 $44
Liquid Chromatography (HPLC) $100 to $250 $200 to $250 $123
Thin Layer Chromatography $75 to $150 $75 $79
Gas Chromatography $100 to $250 $100 to $150 $123
Atomic Absorption Spectroscopy $53[d] NA $37
Ultraviolet/Visible Spectrum $50 to $75 $75 $44
Average NA NA $128
[a] ERG, 2003

[b] ChemTest L aboratories, 2003

[c] Thefigure corresponds to the midpoint of the reported range for therelevant test and incorporates an average 30
percent volume discount.

[d] The price is the sum of $35 for sample digestion and $18 per element testing costs.

From the table, the estimated per-sample testing costs range from $37 per sample for
atomic absorption spectroscopy to as high as $446 per sample for an active ingredient assay.
Given that there is insufficient information on the frequency of the different types of procedures
companies use for dose uniformity testing, ERG estimated the overall analytical |aboratory
testing cost at $128 per sample, which is the simple average of per-sample testing costs by
procedure. For the analysis, ERG judged that the laboratory testing cost by an independent
laboratory specializing in testing services, is comparable to the cost of in-house testing at the

margin.
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SECTION TWO

INDUSTRY PROFILE

This section profiles the manufacturersof solid oral drug products affected by the BUWG
recommendations. Section 2.1 provides the Small Business Administration (SBA) data on those
North American Classification System (NAICYS) industries within which most pharmaceutical
manufacturers are classified. Section 2.2 presents the data on the number of solid oral drug
product manufacturers compiled from various sources, such as FDA'’s Orange Book: Approved
Drug Products with Therapeutic Equivalence Evaluations, the company listing used for the
BUWG survey, and membership listings of various trade associations. Finally Section 2.3
presents estimates of the number and other characterigtics of companies impacted, by firm size

and type (i.e., innovator and generic).

2.1 Small Business Administration (SBA) Data on Pharmaceutical
Manufacturers

The SBA provides annual data on the number of firms, establishments, employment, and
annual payroll by employment size dass and NAICS industry. Manufacturers of pharmaceuticals

are typicaly classified within the following two NAICS industries:

u NAICS 325411: Medicinal and botanical manufacturing, and
u NAICS 325412: Pharmaceutical preparation manufacturing.
Asdepicted in Table 2-1, the pharmaceutical industry consists of approximately 1,100 firms of

which 77 percent are small with less than 100 employees, 11 percent are medium-sized with 100

to 499 employees, and the remaining 12 percent are large with more than 499 employees.
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Table 2-1: SBA Data on Pharmaceutical Companies for Year 2000

Industry Firms Establishments Employment Revenues ($) [a]
NAICS 325411: Medicinal and Botanical Manufacturing
[b] Small: Less than 100 employees 255 260 3,867 $1,522,851,022
Medium: 100 to 499 employees 30 32 3,958 $1,774,532,313
Large: More than 499 employees 36 53 20,308 $12,461,189,422
Total 321 345 28,133 15,758,572,757
NAICS 325412: Pharmaceutical Preparation Manufacturing
[b] Small: Less than 100 employees 571 573 9,089 $3,562,295,390
Medium: 100 to 499 employees 85 98 15,494 $6,839,060,120
Large: More than 499 employees 96 235 111,371 $67,233,962,384
Total 752 906 135,954 77,635,317,894
All Industries
[b] Small: Less than 100 employees 826 833 12,956 5,085,146,412
Medium: 100 to 499 employees 115 130 19,452 8,613,592,433
Large: More than 499 employees 132 288 131,679 79,695,151,805
Total 1,073 1,251 164,087 93,393,890,651

Source: SBA, 2000 and SBA, 1996
[a] Revenues determined by multiplying the 2000 number of employees by the ratio of revenue per employee in the

1996 SBA data.

[b] SBA classifies entities with more than 750 employees as small business for NAICS 325411 and 325412. For
purposes of analysis, however, ERG defined businesses with less than 100 employees as small, with 100 and 499
employees as medium-sized, and with more than 499 employees as large. The redefined size classes better capture
the differences among firms, such as average number of products, revenues, unique (A)NDAS, that are relevant for
assessing economic impacts than the SBA definition.

Further, the average per-firm revenues of pharmaceutical companies range from $6.2

million for small to $74.9 million for medium-sized to $603.8 million for large companies.

2.2 Number of Affected Firms

Not al pharmaceutical companies manufacture solid oral drug products. To identify

manufacturers of solid oral drug products, ERG utilized FDA’s Orange Book database along

with anumber of additional data sources. According to the data compiled from the Orange Book,

there are atotal of 304 companies that have a least one solid oral drug product approved by FDA
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as of December 2002.* The dataalso indicate that the total number of solid ord drug products
currently marketed in the US is approximately 6,000 (including all dosage strengths), which
corresponds to around 3,700 unique (A)NDAs.

The FDA database, however, contains duplicate entries, possibly becauseit is only
updated periodically, and does not depict the various parent-subsidiary relationships that exist
among the companies listed. To determine the number of “firms” affected, where afirmis
defined as the parent company, ERG utilized the company listing compiled by the BUWG for its
survey of current industry practices (Boehm, 2003). Using thislist and the list tabulated from the
Orange Book database, ERG estimated the total number of firms that manufacture at least one
solid oral drug product at 218. Further, using the membership lists of Pharmaceutical Research
and Manufacturers of America (PhRMA) and Generic Pharmaceutical Association (GPhA), ERG
estimated that around 45 percent of these companies are innovator manufacturers and the
remaining 55 percent are generic manufacturers (PhARMA, 2003 and GPhA, 2003).> Assuming
that the distribution of affected firms (innovator and generic combined) across size classes
resembles that of the industry, ERG estimated that of the 218 firms, 168 are small, 24 are
medium-sized, and 26 are large manufacturers. The stratification by size and type of company
(generic versus innovator) is necessary for analysis purposes because firms differ in various
aspects, such as average per-firm revenues, number of routine production batches, and number of
unique (A)NDAs, within these two dimensions. Further, while all generic manufacturers

currently conduct blend uniformity testing on their routine production batches, manufacturers of

* The figure includes all active (A)NDAsfor prescription and over-the-counter drugs for which
the dosage form field contains the phrase “tablet”, “ capsule’, or ‘tablet; capsule’.

® Some pharmaceutical companies manufacture both innovator and generic drugs. For the
purposes of the study, however, ERG classified a company as innovator or generic based on its trade
association membership rather than its actual product composition. This was based on the assumption
that those companies whose products are predominantly generic or are new drugs are likely to be
members of GPhA or PhRMA, respectively.
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most new (innovator) drugs have ceased routine blend testing of their commercid batches. These

differences require separate assessments of economic impacts for each type of firm.

2.3 Estimates of the Number and Other Characteristics of Firms Affected by
Size and Type
Table 2-2 provides the indugry profile of firms compiled from various data sources.
Where data were lacking, ERG employed additional assumptions to extrapolate estimates, as
noted in the table. Some of these estimates, such as the number of validation and routine
production batches and the expected frequency of out-of-specification (OOS) batches, are highly

variable within, as well as between, firms.

The project consultant indicated that the scale of production can potentially vary from one
batch per day for high-volume productsto as low as 2 to 3 batches a year for low-volume
products. Further, the number of validation batches manufactured per year could vary based on
whether the company undertakes any (1) manufacturing site changes to better utilize production
capacity, (2) process and/or equipment changes to improve yields or quality control, (3)
composition and/or component changes in response to various production problems, and (4)
scale-up or scae-down activities to better control production costs. For the analysis, ERG
assumed that a given firm manufactures an average of 15 routine production batches per product,
including all dosage strengths, and one validation batch per (A)NDA per year. This translates
into arange of around 90 to 1,830 routine production batches per-firm for small to large
innovator firms and around 110 to 3,110 for small to large generic firms. The average number of
validation batches manufactured per year are then estimated at 3 for small firmsto 73 for large
innovator firms and 4 for smdl firms to goproximatdy 136 for large generic firms. Because these
figures significantly influence economic impacts, ERG conducted asensitivity analysis to

characterize the degree of uncertainty (see Section Four).
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Table 2-2: Industry Profile of Solid Oral Drug Product Manufacturers

Innovator Generic
Element Small Medium Large Small Medium Large Source/Comment
Number of firms 76 11 12 92 13 15 Orange Book, 2003; Boehm, 2003;
PhRMA, 2003; GPhA, 2003
Number of establishments 77 12 26 93 14 32 Computed by multiplying the SBA firm-
establishment ratio by the number of firms
Revenues [a] $6,156,352 $74,900,804 $603,751,150 $6,156,352 $74,900,804 $603,751,150 SBA, 2000 and 1996
Number of products [b] 6 35 122 7 33 208 Orange Book, 2002
Number of unique (A)NDAs 3 18 73 4 17 136 Orange Book, 2002
Number of validation batches 3 18 73 4 17 136 Assumes an average of 1 validation batch
per annum per (A)NDA per annum
Number of routine production 89 523 1,826 111 493 3,115 Assumes an average of 15 batches per
batches per annum product per annum
Average value ($) per batch $69,292  $143,351 $330,658 $55,290 $152,083 $193,843 Computed by dividing the average revenues
by the number of routine production batches
Weighted average vaue ($) $94,782 $94,782 Computed as the weighted average of per-
batch val ue, weights equal number of firms
Average production time (in 64 12 7 51 13 4 Assumes that there are 2 production shifts
hours) per batch for 365 days per year per establishment
Weighted average 46 46 Computed as the weighted average of per-
production time (in hours) batch manufacturing time where weights
equa number of firms
% of production batches tested 0.0% 0.0% 0.0% 100.0% 100.0% 100.0% ERG estimate
for blend uniformity
Percentage reduction in OOS batch frequency
Scenario 1 95% 95% 95% 95% 95% 95% ERG estimate
Scenario 2 90% 90% 90% 90% 90% 90% ERG estimate
Scenario 3 80% 80% 80% 80% 80% 80% ERG estimate

[a] The per-firm revenues for innovator companies are expected to be higher than their generic counterparts. However, SBA does not report revenue figures

separately for innovator and generic firms.

[b] The figure includes all approved solid oral drug product (A)NDASs, including all dosage strengths.



WERG, September 10, 2003 Final Report

Whileit is not uncommon for some manufacturing facilities to have 3 shifts per day for 7
days aweek, project consultants indicated that most operations run 2 shifts per day for 7 days a
week. Thus, ERG estimated that an average facility operates for 5,840 hours ayear (i.e., 8
hourg/shift x 2 shifts x 365 days/year). Thisimplies an average manufacturing time per batch of
around 46 hours, computed by dividing the total manufacturing hours by the total number of
batches manufactured (validation and routine production combined) by firm size and weighting

them by the number of firmsin each size class

One of the uncertainties is the expected percentage reduction in OOS batch frequencies.
The project consultant and the pharmaceutica companies contacted indicated that the BUWG
recommendations will improve total process and blending operation control due to tightened
testing during validation (Company 1 and 2, 2003). Companies also indicated that thisislikely to
lead to fewer problems (i.e, fewer OOS batches, product recalls) during manufacturing.
Additiondly, given the inherent sampling error associated with thief sampling of blends,
companies noted that the elimination of routine blend sampling will entirely eliminate OOS
results arising from blend sampling errors (Company 3 and 4, 2003). Because pharmaceutical
companies have not fully implemented the BUWG recommendations, however, most companies
were unable to forecast, with much certainty, the expected reduction in OOS batch frequencies
with the full adoption of the BUWG recommendations. Thus, ERG evaluated economic impacts
under three different assumptions on the expected reduction in OOS result frequency due to the
adoption of BUWG recommendations. For the best-case scenario (Scenario 1), ERG forecasted
that all OOS results that are not due to laboratory errors (estimated at 5 percent of all OOS
results) are eliminated with the implementation of BUWG recommendations (i.e., 95 percent
reduction in OOS result frequency). To accommodate the possbility that some nonprocess-
related errors (i.e., human error, manufacturing equipment failure) may still occur in addition to
the laboratory errors after the adoption of BUWG recommendations, ERG forecasted 90 and 80

percent reductionsin OOS result frequency for the remaining two scenarios 2 and 3, respectively.
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Given the uncertainty surrounding the estimate, ERG also conducted aseparate analysis

depicting the sensitivity of economic impact estimates to this variable (see Section Four).
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SECTION THREE

ECONOMIC IMPACTS

This section presents the economic impacts of adopting blend uniformity analysis
recommendations of BUWG on solid oral drug product manufacturers. Section 3.1 outlines the
assumptions and parameters used in modeling current industry practices and how firms will
adjust their practices to meet the BUWG recommendations. The section addresses blend testing,
compendial testing, in-process content uniformity (CU) testing, and out-of-specification (O0S)
result analysis that arerelevant to the analysis of economic impacts. Section 3.2 discusses the
one-time costsfor incorporating the BUWG recommendationsinto their operations. Findly,
Sections 3.3 and 3.4 present the unit and total impacts on affected firms by type and size,
respectively.

3.1  Model Assumptions and Parameters

ERG modeled the applicable costs companies incur in the baseline (i.e., current practice)
and are expected to incur after adopting the BUWG recommendations separately for validation
and routine production batches. For validation batches, companies currently incur costs to meet
blend and compendial testing requirements. With the adoption of BUWG recommendations,
companies will also need to conduct in-process content uniformity (CU) testing (in addition to
blend and compendial testing) on their validation batches. For routine production batches,
companies currently incur costs for blend and compendial testing, as well as for resolving out-of-
specification (OOS) results. Under the BUWG proposal, companies will need to conduct in-
process CU testingin lieu of blend and compendid testing but will still incur costs to investigate
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and resolve any OOS results encountered during production.® Hence, in the anadyss, ERG
computed the applicable baseline costs, i, and costs after the adoption of BUWG

recommendations, j, per validation and routine production batch as follows:

Current Practice (i)

TCvi:BTvi+CTvi

TC,; =BT, + CT, + poos * OO0S,

BUWG Recommendation (j)

TC, = BT, + CT, + ICUT,

TC, = pegy X CT,, + ICUT,, + pogg, * OOS,

where

r = Routine production batch,

v = Validation batch,

TC = Total economic cost per batch,

BT = Blend testing cost per batch,

CT = Compendial testing cost,

ICUT = In-process content uniformity testing cost,

0O0S = Out-of-specification analysis and resol ution cost,

® As noted in Section One, companies that fail to demonstrate a relationship between in-process
and compendial test results will need to conduct both in-process CU and compendial testing under the
BUWG proposal. Inthe model, ERG assumed that manufacturers will need to conduct both tests for only
5 percent of their products. ERG judged that manufacturers will be able to demonstrate equivalency for
the majority (95 percent) of their products.
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Ppor = Expected probability of compendial testing in addition to in-process content
uniformity testing, and

Poos = Expected probability of an OOS result.

ERG then computed the net economic impact of adopting the BUWG recommendations as the
difference between the costs under current practice and those companies will incur under the
BUWG proposal for validation and routine production batches. Table 3-1 presents the
assumptions and parameters used in computing annual baseline cogts and costs under the BUWG
proposal per validation and routine production batch. The one-time costs companies will incur to
adopt the BUWG recommendations are addressed in Section 3.2.

3.1.1 Blend Testing

For blend testing, firms collect smal samplesfrom a static powder bed and assay them to
assess content uniformity. The main goal of blend testing is to demonstrate the adequacy of mix
asrequired under 21 CFR 211.110(8)(3). Although aminority of pharmaceutical companies use
automated blend sampling and testing, such as Near Infrared Spectroscopy (NIR), the mgority

use traditional labor-intensive method of sampling with athief (i.e., along sampling tool).

According to the scientific literature and companies contacted, the thief might not be the
ideal sampling device for collecting smdl representative samples from alarge static powder bed
(Company 4, 2003 and PDA, 1996). First, asit isinserted into a powder bed, athief distortsthe
bed by carrying material from the upper layers towards the lower layers. Because gppreciable
force is necessary to insert the thief into a powder bed, unrepresentative samples can be collected
due to compaction and particle attrition. Furthermore, the flow characteristics of the powder may
bias the samples taken, with more freely-flowing powder collecting in the thief chambers.
Finally, thief design and angle of insertion into a powder bed have been shown to influence

sampling results (PDA, 1996). Overall, these factors make blend sampling prone to sampling
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Table 3-1: Model Assumptions and Parameters

Current Practice BUWG Recommendation
Routine Routine

Element Validation Production Validation Production Source

Blend Testing $887 $2,497 $1,398 NA Computed value
Production operator hours to prepare for and obtain samples 6 2 6 NA [a]
Production operator hourly wage rate $18.38 $18.38 $18.38 NA BLS 2002 and 2001
Laboratory testing cost per sample to demonstrate blend uniformity $128 $128 $128 NA ChemTest and ERG, 2003
Average number of samples tested for blend uniformity per batch 6 3 10 NA PQRI/BUWG, 2002
Laboratory technician hours for recordkeeping 0.5 0.5 0.5 NA [a]
Laboratory technician hourly wage rate $19.97 $19.97 $19.97 NA BLS 2002 and 2001
Average number of hours manufacturing equipment remainsidle per batch 1 1 NA NA [a]
Average number of hours required to manufacture one production batch NA 46 NA NA [a]
Average value of a representative batch NA $94,782 NA NA [a]
Revenue loss due to idle manufacturing equipment NA $2,067 NA NA [a]

Compendial Testing (USP <905>) $3,315 $1,325 $3,315 $66 Computed value
Production operator hours to prepare for and obtain samples 6 2 6 2 [4]
Production operator hourly wage rate $18.38 $18.38 $18.38 $18.38 BLS 2002 and 2001
Laboratory testing cost per sample to demonstrate dosage form uniformity $128 $128 $128 $128 ChemTest and ERG, 2003
Average number of samples tested for dosage form uniformity per batch 25 10 25 10 USP <905>
Laboratory technician hours for recordkeeping 0.5 0.5 0.5 0.5 [a]
Laboratory technician hourly wage rate $19.97 $19.97 $19.97 $19.97 BLS 2002 and 2001
Estimated percentage of affected batches that require compendial testing 100.0% 100.0% 100.0% 5.0% [a]

In-process Content Uniformity (CU) Testing NA NA $7,761 $1,394 Computed value
Production operator hours to prepare for and obtain in-process samples NA NA 4 2 [4]
Production operator hourly wage rate NA NA $18.38 $18.38 BLS 2002 and 2001
Laboratory technician hours for recordkeeping NA NA 1 1 [4]
Laboratory technician hourly wage rate NA NA $19.97 $19.97 BLS 2002 and 2001
Laboratory testing cost per sample to demonstrate uniformity NA NA $128 $128 ChemTest and ERG, 2003
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Table 3-1: Model Assumptions and Parameters

Current Practice BUWG Recommendation
Routine Routine
Element Validation Production Validation Production Source
Average number of samples tested per batch NA NA 60 NA PQRI/BUWG, 2002
Average number of samples tested per readily-compliant batch NA NA NA 10 PQRI/BUWG, 2002
Expected probability for a readily-compliant batch NA NA NA 97.7% PQRI/BUWG, 2002
Average number of samples tested per marginally-compliant batch NA NA NA 30 PQRI/BUWG, 2002
Expected probability of a marginally-compliant batch NA NA NA 2.3% PQRI/BUWG, 2002
Out-of-Specification (O0OS) Analysis and Resolution NA $20,893 NA $20,893 Computed value
Analysis & Resolution of Quickly-Resolved Problems (Laboratory Errors) NA $1,235 NA $1,235 Computed value
Laboratory technician hours for OOS investigation and reporting NA 20 NA 20 [4]
Laboratory technician hourly wage rate NA $19.97 NA $19.97 BLS 2002 and 2001
Mid-level manager hours for review/approval of investigation report NA 10 NA 10 [q]
Mid-level manager hourly wage rate NA $45.18 NA $45.18 BLS 2002 and 2001
Average number of additional samples tested per batch NA 3 NA 3 [q]
Laboratory testing cost per sample to demonstrate uniformity NA $128 NA $128 ChemTest and ERG, 2003
Percentage of OOS results that are quickly resolved NA 5.0% NA 5.0% [a]
Analysis & Resolution of Not-Quickly-Resolved Problems NA $21,928 NA $21,928 Computed value
Laboratory technician hours for OOS investigation and reporting NA 320 NA 320 [&]
Laboratory technician hourly wage rate NA $19.97 NA $19.97 BLS 2002 and 2001
Statistician hours for data analysis NA 80 NA 80 [a]
Statistician hourly wage rate NA $37.75 NA $37.75 BLS 2002 and 2001
Mid-level manager hours for review/approval of investigation report NA 40 NA 40 [a]
Mid-level manager hourly wage rate NA $45.18 NA $45.18 BLS 2002 and 2001
Managerial hours for review and approval of investigation report NA 10 NA 10 [4]
M anagerial hourly wage rate NA $48.66 NA $48.66 BLS 2002 and 2001
Percentage of OOS results that are not quickly resolved NA 95.0% NA 95.0% [a]
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Table 3-1: Model Assumptions and Parameters
Current Practice BUWG Recommendation
Routine Routine
Element Validation Production Validation Production Source
Option 1: Repeat blend sampling and testing NA $484 NA $484 Computed value
Blend testing cost (from above) NA $2,497 NA $2,497 Computed value
Probability of option 1 NA 19.4% NA 19.4% BUWG, 2000
Option 2: Perform extended compendial testing of finished dosage NA $239 NA $239 Computed value
Estimated at 50 percent of regular compendial testing costs NA $662 NA $662 Computed value
Probability of option 2 NA 36.1% NA 36.1% BUWG, 2000
Option 3: Perform extended blend sampling and testing NA $625 NA $625 Computed value
Estimated at 1.5 times the regular blend testing cost NA $3,745 NA $3,745 Computed value
Probability of option 3 NA 16.7% NA 16.7% BUWG, 2000
Option 4: Remix blend and reconduct sampling and testing NA $553 NA $553 Computed value
Production operator hours to remix blend NA 2 NA 2 [a]
Production operator hourly wage rate NA $18.38 NA $18.38 BLS 2002 and 2001
Average value of arepresentative batch NA $94,782 NA $94,782 [a]
Average number of hours to manufacture one production batch NA 46 NA 46 [a]
Revenue |oss due to blending equipment use to remix blend NA $4,134 NA $4,134 Computed value
Blend testing cost NA $2,497 NA $2,497 Computed value
Probability of option 4 NA 8.3% NA 8.3% BUWG, 2000
Option 5: Reject the batch NA $5,308 NA $5,308 Computed value
Average value of a representative batch NA $94,782 NA $94,782 [&]
Probability of option 5 NA 5.6% NA 5.6% BUWG, 2000
Option 6 Other (unspecified) NA $3,012 NA $3,012 Computed value
Average cost of all options (average of option 1 through 5 above) NA $21,671 NA $21,671 Computed value
Probability of option 6 NA 13.9% NA 13.9% BUWG, 2000

[a] ERG estimate based on discussions with pharmaceutical companies and project consultant.
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error. The potential for sampling errors further increases as the size of the sample and/or the

concentration of the drug active substance(s) in the formulation decreases.

Upon achieving the proper mixing time, workers stop the blender to alow sampling.
While one operator removes the samples from the blender, another places the collected samples
into designated vials for transfer to the analytical laboratory (Company 1 and 4, 2003).
Companiesindicated that the process, including the time to assay the samples collected, can
potentially range from 6 to as high as 30 hours per batch (Company 1 and 2, 2003). Although
some companies may collect as much as 30 samples (Company 1, 2003), most companies collect
10 or fewer blend samples for testing per validation and per routine production batch (BUWG,
2000).

Current practice. ERG estimated the time required to prepare for and obtain blend
samples at 6 hours per validation and 2 hours per routine production batch. During the sampling
process, however, ERG judged the blending equipment typically remainsidle for only an hour
(the time it takes one operator to insert the thief into the powder bed and pull samples).” ERG
further estimated that, on average, companies assay 6 samples per validation and 3 samples per
routine production batch at a cost of $128 per sample (see Section 1.4.2). Given that it takes
approximately half an hour to document and record the results of al assays, ERG computed the
blend-testing cost per validation batch at $887. ERG did not allocate costs due to idle blending
equipment time for validation batches.

During routine production, the equipment down time to accommodate sampling reduces
efficiency (Company 2, 2003). Given that it takes roughly 46 hours to manufacture asingle
commercia scale batch with an estimated average value of $94,782, an hour of idle blending

" Some pharmaceutical companies have their own unique way of obtaining samples from a
blender which may potentially take longer than one hour. Further, sampling hazardous powders may
involve more time. ERG judged, however, that the one hour estimate is sufficient for most companies.
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equipment time can be valued at $2,067 (i.e., $94,782 x 1/46) per routine production batch.
Additiondly, ERG estimated the cost of testing per routine production batch a $430. This cost
consists of 2.5 labor hours to pull blend samples and record test results and $384 in laboratory
testing costs ($128 x 3 samples). Overall, the baseline total cost of blend testing per routine
production batch is estimated at $2,497 in the model.

BUWG Recommendation. For validation batches, BUWG recommends both blend
and in-process dosage unit sampling according to the sampling plan provided in Table 1-1.
BUWG recommends that manufacturers take 3 replicate samples per location from 10 locations
for tumbling blenders (such as V-blenders, drum mixers, and double cone blenders) and from 20
locations for convective blenders (such as ribbon blenders). BUWG further directs manufacturers
to assay at least one sample per location for blend uniformity.® Based on discussions with the
project consultant, tumbling blenders are most common. Thus, ERG estimated that the mgority
of manufacturers will take 30 samples total and assay 10 per validation batch. Assuming that
sampling and recordkeeping takes the same number of labor hours as before, ERG estimated the
total cost of blend testing per validation batch under the BUWG proposal at $1,398.

There are no blend-testing requirements for routine production batches under the BUWG

proposal. Thus, ERG did not allocate any costs for routine production batches.

3.1.2 Compendial Testing (USP <905>)

Under USP <905>, pharmaceutical manufacturers must demonstrate the uniformity of
their solid oral drug products by assaying individual dosage units and applying the acceptance
criteria specified. The content uniformity test, hereinafter referred to as compendial testing, is

8 Based on the results of the first set of assays, some manufacturers might also need to assay the
second and third samples per location and investigate the original criteriafailure.
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required for all coated tablets, transdermd systems, and suspensions in single-unit containers or
in soft capsules that contain inactive or active added substances, except where the test for weight
variation may be applied.® For the determination of dosage-form uniformity by assay of
individual units under USP <905>, a manufacturer needs to sample at least 30 dosage units and
assay 10 units. The USP chapter does not, however, specify (1) how these dosage units should be
sampled (i.e., random versus stratified random) and (2) whether the sample can include in-
process in addition to finished dosage forms. Hence, solid oral drug product manufacturers
approach compendia testing in different ways. Some manufacturers randomly sample and assay

only finished dosage forms while others al so include in-process dosage forms.

Current practice. The compendial testing costs per batch vary between validation and
routine production batches. One company executive indicated that his company samples a |east
30 dosage units and assays between 20 to 30 samples per validation batch and approximately 10
samples per routine production batch for compendial testing (Company 1, 2003). Thus, ERG
estimated that, on average, companies sample 30 dosage units and assay 25 units per validation
and 10 units per routine production batch for compendid testing. ERG further estimated that 6
and 2 hours of production operator time is needed to prepare for and obtain the samples for
validation and routine production batches, respectively. The estimate reflects the labor time
needed to label the sample vias, obtain dosage unit samples from production bins, and transfer
the samples to the laboratory for analytical testing. ERG also estimated that it takes 1/2 hour per
sample assayed for alaboratory technician to document and record the test results. With an
estimated per-sample |aboratory testing cost of $128 (see Section 1.4.2), the compendial testing
costs are estimated at $3,315 per vdidation bach and a $1,325 per routine production batch in
the model.

® Weight variation requirements may be applied where the product is aliquid-filled soft capsule
or where the product to be tested contains 50 milligram or more of an active ingredient comprising 50
percent or more of the dosage-form unit by weight (USP <905>, 1990).
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BUWG Recommendation. BUWG recommends in-process dosage unit andyssin
lieu of blend and compendial testing for routine production batches. To utilize the BUWG
recommendation, however, manufacturers must first demonstrate that testing of in-process
stratified dosage unit samples provides at least equivalent control (i.e., sensitivity to lack of
uniformity) to compendial testing of finished dosage units for each validation batch. Only upon
demonstration of such ardationship is the manufacturer allowed to cease compendial testing all
together. If the relationship between in-process and compendial testing cannot be demonstrated,
then the manufacturer must conduct both in-process stratified and finished product compendial
testing (see Section 1.2).

In the model, ERG judged that manufacturers will need to conduct compendial testing on
all validation batches (at a cost of $3,315 per batch) to be &ble to eliminate it during routine
production. ERG further assumed that for 95 percent of products, manufacturers will demonstrate
the necessary relationship between in-process and compendial testing and be able to cease
compendial testing for routine production. Thus, ERG estimated the cost of compendid testing
for routine batches at $66 ($1,325 x 0.05) under the BUWG proposal.

3.1.3 In-process Content Uniformity (CU) Testing

In-process Content Uniformity (CU) testing refers to the BUWG-proposed method of
taking dosage unit samples at predefined |ocations throughout the compression and filling
process and assaying them (according to USP <905>) for content uniformity. Unlike compendid
testing, where randomly sampled finished dosage units are assayed for dose uniformity, in-
process CU testing requires a stratified sampling plan where in-process dosage units (collected at
different locations) are assayed for dose uniformity. The sampling locations must be
representative of the compression and filling process and include samples from the beginning and
the end of the batch (PQRI/BUWG, 2002). Further, BUWG recommends the use of in-process
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CU testing in conjunction with blend testing for validation batches and in lieu of blend and

compendial testing for routine production batches.

Current practice. Currently, the in-process CU testing recommendations of BUWG are
not officially endorsed by FDA or other industry organizations. Nonetheless, various companies
contacted for the study have adopted in-process CU testing for their vaidation batches (Company
1, 2, and 4, 2003). Because the adoption of the method is completely voluntary, however, ERG

did not allocate in-process CU testing costs to companies (innovator and generic) in the baseline.

BUWG Recommendation. Under BUWG recommendations, companies will need to
conduct in-process CU testing for all of their validation and routine production batches. For
validation batches, manufacturers will need to collect 7 in-process dosage unit samples from at
least 20 locations across filling and compression operations and assay initially at least 3 samples
per location (atotal of 60 samples). The manufacturer may then cease additional in-process CU
testing for a given validation batch provided that (1) the RSD of all individual samples are less
than or equal to 6.0 percent, (2) each location mean iswithin 90 to 110 percent of target potency,
and (3) dl individud samples are within 75 to 125 percent target potency. If any of these
conditions are violated, BUWG requires the manufacturer to assay at |east 4 more in-process

dosage units from each location and reevaluate the results.

For those validation batches that do not meet the BUWG acceptance criteria after the
second stage testing, further reformulation research and development is recommended. ERG did
not, however, allocate any process development costs companies (generic and innovator) will
need to incur to arrive at process parameters upon failing to meet the BUWG acceptance criteria
in the analysis. These are a part of product research and development costs and hence are not
attributable to the BUWG proposal.
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For the andys s, ERG forecasts that, on average, manufacturers will need to assay 3
dosage units per location (atotal of 60 samples) for in-process CU testing at a cost of $128 per
sample (see Section 1.4.2). Because the collection of in-process dosage unitsis not as labor
intensive as blend sampling, ERG allocated 4 hours of production operator time for preparing for
and obtaining samples. Assuming it takes an hour to record and properly document assay results,
the cost of in-process CU testing per validation batch is estimated at $7,761.

Unlike validation, during routine production, manufacturers will need to samplein-
process dosage units across 10 (rather than 20) locations during the compression and filling
operations. For readily-compliant batches, manufacturers will then need to assay one sample per
location (atotal of 10 units) to meet the BUWG requirements. Manufacturers will, however,
need to assay as much as 3 dosage units per location (atota of 30 samples) for marginally-

compliant routine production batches.

As part of the research on blend uniformity, BUWG conducted a survey in which it asked
manufacturers to supply content uniformity data for blends, in-process dosage unit samples, and
finished dosage forms for their products. The objective of the data collection was to check the
validity of the recommended sampling plans and acceptance criteria BUWG derived through
computer simulations. BUWG received responses from eight pharmaceutical companies that
submitted content uniformity data on atotal of 149 batches. Of the 149 batches, however, only
88 had data from at least 10 locations. Among the 88 batches, 86 batches readily passed the
BUWG acceptance criteriawhereas the remaining 2 batches marginally passed (PQRI/BUWG,
2002). Thus, based on the results of the BUWG data-mining effort, ERG estimated the
probability of aroutine production batch being readily compliant at 97.7 percent (86 out of 88)
and marginally compliant at 2.3 percent (2 out of 88) at any given period. Assuming that it takes
half the labor hours to collect samples of in-process dosage units during production, ERG further
estimated the expected cost of in-process CU testing per routine production batch at $1,394.

3-12



WERG, September 10, 2003 Final Report

3.1.4 Out-of-Specification (OOS) Analysis and Resolution

An out-of -specification (OOS) result occurs when an individual test result does not meet
the specifications outlined in official compendia, the firm’s (A)NDA or by the manufacturer. For
example, the quantity of active ingredient might not fall within 85 to 115 percent of the label
claim. FDA requires manufacturers to investigate each OOS result shortly after its occurrence
and to document each step of the review. The OOS investigation must follow the firm’s standard
operating procedure (SOP) manual. Thefailure investigation should determine the cause of the
OOS so that the manufacturer can properly decide whether to release, rgect, or reprocess the
batch in question. Even if abatch is rejected, the manufacturer still needs to conduct afull failure
investigation to determine if the result suggests problems for other batches of the same drug
product or other products (FDA, 1998).

When faced with an OOS result, the manufacturer must determine whether the result

originates with a:

u Laboratory error,
u Nonprocess-related or operator error, or
u Process-related or manufacturing error.

Laboratory errors can result from an analyst’s mistake or from malfunctioning laboratory
equipment. Such errors include calculation mistakes, use of incorrect standards for comparison,
and mismeasurement. Manufacturers can often readily identify and resolve these errors
(Company 2, 2003).

Nonprocess-related errors are mainly due to human and mechanical errors sometimes

generated during the manufacturing process, such as errors in operating equipment or equipment

malfunctions. In contrast, process-related problems, such as incorrect mixing time and particle
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segregation in the powder blend, might occur even when the operators and manufacturing

equipment are functioning properly (United States v. Barr Laboratories, 1993).

On average, the extent of the failure invegtigation varies with the type of error. While
nonprocess-related errors and errors in operating merit an in-depth investigation, laboratory
errorsare relatively easy to address. In the model, ERG classified the type of OOS analysisinto
two categories. quickly-resolved and not-quickly-resolved problems. All OOS investigations
require at least areport by the analyst to the supervisor of the anomalous result and an informal
laboratory inspection by two technicians. In the laboratory, the technicians should (1) review the
notebook that contained the result, (2) discuss the testing procedures along with any required
calculations, and (3) examine the instrument used (J menez, 1997). ERG judged that for quickly-
resolved problems, the failure investigation will only consist of these minimum paperwork

requirements in addition to the additional samples assayed.

Typicaly, companies will perform an in-depth failure investigation for nonprocess- and
process-related problems (not-quickly-resolved problems). Such an investigation consists of (1)
the reason for the investigation, (2) a summation of the process sequences that might have caused
the problem, (3) an outline of the corrective actions necessary to save the batch and prevent a
similar recurrence, (4) alist of other batches and products possibly affected, the results of the
investigations, and any required corrective action, and (5) comments and signatures of production
and quality control personnel who conducted the investigation and approved any reprocessed
material after additional testing (Jimenez, 1997).%°

Upon completion of afailure investigation, the manufacturer may need to (BUWG,
2000):

% nits May 3, 1996 proposal, FDA advocates this type of failure investigation for any
unexplaned discrepancy, including any OOS test result (Federal Register 61, 1996).
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u Repeat its blend sampling and testing,

u Perform extended compendid testing of the finished dosage form,
u Perform extended blend sampling and testing,

u Remix the blend and reconduct sampling and testing, or

u Reject the batch.

If the failure investigation indicates that a laboratory error caused the OOS result, a manufacturer
will typically assay the additional samples collected (commonly referred to as retesting) and
document the OOS analysis in a brief report as discussed previoudly. Executive of large
innovator and generic companies indicated that only a small minority of OOS results are
attributable to laboratory errors (i.e., quickly-resolved problems) (Company 1 and 2, 2003). Thus,
ERG judged that on average, approximately 5 percent of OOS results are quickly resolved. For
these, ERG allotted 30 labor hours and additiond assay costs of $384 (3 additional assays at a
price of $128 each) for atotal of $1,235.

The cost of not-quickly-resolved problems depends upon the manufacturer’s course of
action. Table 3-2 provides the expected probability of each option based on the reported
frequency of responses to a question in the BUWG survey of current industry practices. From the
table, manufacturers are most likely to respond to an OOS result during blend testing by
performing extended CU testing of the final dosage form (36.1 percent). Batch rejection (i.e.,
variance batch to waste option) is the least likely response at 5.6 percent. Around 14 percent of

the time, however, manufacturers use an dternative course of action (i.e., “other” in the table).
In the model, ERG assumed that manufacturer responses to OOS results according to the

probabilities (frequencies) of the alternative actions shown in Table 3-2. Thus, ERG estimated
the expected total cost of not-quickly-resolved problems, TCNQOR, as:
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Table 3-2: Frequency of Survey Responses to the Most Common Action to a Blend Uniformity
Testing Failure (Question 17 in the BUWG Survey)

Number of Responses

Course of Action Total Percent of Total

Option 1-Repeat sampling and testing 7 19.4%
Option 2-Perform extended content uniformity testing of final dosage form 13 36.1%
Option 3-Perform extended blend sampling and testing 6 16.7%
Option 4-Remix blend and resample 3 8.3%
Option 5-V ariance batch to waste 2 5.6%
Option 6-Other 5 13.9%
Total 36 100.0%

Source: BUWG, 2000

f
TONOR = LO+ Y pox C

=l
where
LC = Labor cost of failure investigation and reporting,
p, = Probability of option i, wherei =1, ..., 6, and

C, = Total cost of (labor hours and testing) option i, wherei =1, ..., 6.

Companies indicated that the time and effort involved in tracking, investigating, and
documenting the cause of an OOS result (that is not due to a laboratory error) is extensive
(Company 1, and 2, 2003). Thus, ERG dlotted atotal of 450 labor hours to the investigation and
reporting of not-quickly-resolved problems, LC, regardless of the course of action chosen (i.e.,
retest, remix, or reject) at the conclusion of the investigation. ERG further estimated that the
costs for the 6 different courses of action, C,, will range from $662 (Option 2 - Perform extended
content uniformity testing of final dosage form) to $94,785 (Option 5 - Reject the batch) as
depicted in Table 3-1. The overall cost of OOS investigation for a not-quickly-resolved problem
is estimated at $21,928. The figure correlates well with the $20,000 estimate quoted by one
company executive and the $35,000 forecast published by Mathis Instruments (Company 2,
2003, and Mathis Instruments, 2003).
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Current practice. Assuming that only 5 percent of the OOS results are quickly
resolved, ERG estimated the expected cost of a given OOS investigation at $20,893 (0.05 x
$1,235 + 0.95 x $21,928) in the baseline for routine production batches. The OOS investigation
concept is only applicable for commercial production. Hence, no OOS investigation costs were
allocated for validation batches.

BUWG Recommendation. The nature of an OOS investigation is not likely to change
after the adoption of BUWG recommendations. Although some companies may choose to
perform extended in-process CU testing rather than compendial testing for option 2, the impact
of this changeis minimal. Thus, ERG allotted the same baseline OOS investigation cost of
$20,893 for routine production batches under the BUWG proposd.

3.2 One-time Costs of Adopting BUWG Recommendations by Company Type

Manufacturers incur one-time costs each time there is a change in regular manufacturing
procedures. Thus, solid oral drug product manufacturers will incur costs to incorporate the
BUWG recommendations into their manufacturing operations. Based on its industry contacts,

ERG enumerated these one-time costsinto the following components:

n Planning and coordination,
u Manufacturing ticket modification, and
L Modification of sample handling logistics.

Table 3-3 presents the one-time costs innovator and generic manufacturers will incur to adopt the
BUWG recommendations. Because companies have not yet adopted the BUWG
recommendations, most one-time cost forecasts are uncertain. The following sections describe

each of these cost components in further detail.
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Table 3-3: One-time Costs Associated with the Adoption of BUWG Recommendations
Innovator Generic

Element Small Medium Large Small Medium Large Source/Comment

Planning and Coordination $2,903 $17,074 $59,667 $3,639 $16,094 $101,780 Computed value
Statistician hours for sampling plan development 8 8 8 8 8 8 ERG estimate
Statistician hourly wage rate $37.75  $37.75 $37.75 $37.75 $37.75 $37.75 BLS 2002 and 2001
Production operator hours to incorporate sampling plan into production 4 4 4 4 4 4 ERG estimate
Production operator hourly wage rate $18.38  $18.38 $18.38 $18.38 $18.38 $18.38 BLS 2002 and 2001
Mid-level manager hours for review and approval 2 2 2 2 2 2 ERG estimate
Mid-level manager hourly wage rate $45.18 $45.18 $45.18 $45.18 $45.18 $45.18 BLS 2002 and 2001
Manager hours for review and approval 0.5 0.5 0.5 0.5 0.5 0.5 ERG estimate
M anager hourly wage rate $48.66 $48.66 $48.66 $48.66 $48.66 $48.66 BLS 2002 and 2001
Average number of products 6 35 122 7 33 208 Orange Book, 2002

Manufacturing Ticket Modification $971 $5,708 $19,947 $1,216 $5,380 $34,025 Computed value
Production operator hours 4 4 4 4 4 4 ERG estimate
Production operator hourly wage rate $18.38  $18.38 $18.38 $18.38 $18.38 $18.38 BLS 2002 and 2001
Mid-level manager hours 2 2 2 2 2 2 ERG estimate
Mid-level manager hourly wage rate $45.18  $45.18 $45.18 $45.18 $45.18 $45.18 BLS 2002 and 2001
Average number of products 6 35 122 7 33 208 Orange Book, 2002

Modification of Sample Handling Logistics $2,799 $3,598 $5,196 $2,799 $3,598 $5,196 Computed value
Laboratory technician hours for training and SOP changes 40 80 160 40 80 160 ERG estimate
Laboratory technician hourly wage rate $19.97 $19.97 $19.97 $19.97 $19.97 $19.97 BLS 2002 and 2001
Upfront cost of sample analysis program modification and validation $2,000 $2,000 $2,000 $2,000 $2,000 $2,000 ERG estimate
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3.2.1 Planning and Coordination

BUWG recommendations require manufacturers to sample in-process dosage units across
the manufacturing lot using a stratified sampling plan. The method requires manufacturers to
keep track of which location a given unit dosage sample is drawn from. This differs from the
current practice of collecting and handling randomly-collected finished dosage sampl es together
for each batch. Thus, manufacturers will initially need to devise a stratified sampling plan for
each product they manufacture and incorporate this into their production operation. Companies
indicated that they will also need to devise a contingency plan to accommodate any foreseeable

operator error (such as missing the time intervd for sampling) (Company 4, 2003).

ERG allotted 8 hours of statistician and 4 hours of production operator time per product
to develop a sampling plan and incorporate the plan into production, respectively. Because the
sampling plan needs to be officially incorporated into afirm’s standard operating procedure
(SOP) manual, ERG also estimated that 2 hours of mid-level manager (typically, an industrial
production manager) and 1/2 hour of manager time will be needed per product for review and
approval of the change. ERG did not allocate any equipment costs (for additional vials for

sample collection) as these are bdieved to be minimal.

Overdll, the total estimated cost of planning and coordination ranges from around $2,900
to $60,000 for small to large innovator firms and from $3,600 to $102,000 for small to large
generic firms. The higher planning and coordination costs for generic companies are attributable
to the higher number of products manufactured. Innovator companies typically have more
knowledge about their drugs given their longer development higtory with the drugs and the data
collected during the research and development phase (Company 2, 2003). Thus, these companies

are expected to incur lower costs to implement any type of manufacturing operation changes.
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3.2.2 Manufacturing Ticket Modification

Each drug product has its own manufacturing ticket, which is basically a step-by-step
“recipe’ for product manufacturing. The ticket specifies al the manufacturing steps involved,
sampling plans to be used, and any other applicable information relevant for the production of
the product. Manufacturers will need to modify each ticket to reflect the change in sampling and

handling of samples for routine production batches.

ERG estimated that it will take 4 hours of production operator time to modify the ticket
and 2 hours of mid-level managerid time to review and approve the change per product. Overall,
ERG estimated the total cost of manufacturing ticket modification from approximately $1,000 to
$20,000 for small to large innovator firms and from around $1,200 to $34,000 for small to large

generic firms.

3.2.3 Modification of Sample Handling Logistics

Companiesindicated that they will need to change the manner in which dosage unit
samples are handled in their analytical |aboratories (Company 4, 2003). Aswill be required
during sample callection, manufacturers will need to keep track of where a given dosage unit
sample has been drawn during anaytical testing. Thiswill require a change in laboratory SOPs
and training of laboratory personnel in the new procedures. For SOP modification and training,
ERG allotted 40 hours of |aboratory technician time for small, 80 hours for medium, and 160
hours for large companies. The upper-end estimate reflects the higher number of andyss

employed in high-volume large-company operations.
Given that the BUWG recommended acceptance criteria differs from that provided in

USP <905> for content uniformity, the analytical laboratory will aso need to modify the program

for evduating assay results. A company executive described this as modifying ardatively smple
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spreadsheet (such as one in Microsoft Excel) to accommodate additional data points and
computations. Although some companies may have more sophisticated custom applications for
dataandyss, ERG believes that simple changesin acceptance criteriaand number of datapoints
will be easily accommodated by these programs. Thus, ERG estimated the upfront cost of
modifying and vdidating the sample analysis program at $2,000 for al types and sizes of

companies.

Overal, the total cost of modifying sample handling logisticsin the analytical laboratory
is estimated at roughly $2,800 for small, $3,600 for medium-sized, and at $5,200 for large

innovator and generic firms.

3.3 Per-firm Impacts

In computing the basdine costs, ERG used a reference OOS frequency of 2 percent. ERG
then computed the per-firm costs under the BUWG proposal, assuming 95, 90, and 80 percent
reductions in the OOS frequency attributable to the adoption of the stratified in-process sampling
method, respectively. Tables 3-4 and 3-5 present the estimated costs in the baseline and after the
adoption of BUWG recommendations, respectively, under the three scenarios. The per-firm
baseline costs for innovator companies are considerably lower than those for generic companies
because they do not conduct blend testing on routine production batches. The estimated basdine
costs per firm range from $167,000 for small, to $984,000 for medium-sized, and to $3.5 million
for large innovator companies. For generic compani es, however, the per-firm baseline costs range

from $489,000 for small, to $2.2 million for medium-sized, to $13.8 million for large companies.

With the adoption of the BUWG recommendations, the per-firm costs will increase for
innovator but decrease for generic companies. The increase in costs for innovator companiesis
mainly attributable to the tighter requirements for validation batches under the BUWG proposal.

For generic companies, however, the increased costs from tighter requirements for validation are
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Table 3-4: Unit (Per-firm) Costs Under Current Industry Practice

Innovator Generic
Element Small Medium Large Small Medium Large
Validation $12,439 $73,540 $306,769 $16,809 $71,439 $571,215
Blend Testing $2,626 $15,523 $64,755 $3,548 $15,080 $120,576
Compendia Testing (USP <905>) $9,813 $58,017 $242,014 $13,261 $56,359 $450,638
In-process Content Uniformity (CU) Testing NA NA NA NA NA NA
Out-of-Specification (OOS) Analysisand Resolution NA NA NA NA NA NA
Routine Production $154,823 $910,509 $3,181,832 $472,063 $2,088,002 $13,204,834
Blend Testing $0 $0 $0 $278,031 $1,229,771 $7,777,252
Compendia Testing (USP <905>) $117,698 $692,179 $2,418,862 $147,505 $652,436 $4,126,104
In-process Content Uniformity (CU) Testing NA NA NA NA NA NA
Out-of-Specification (O0S) Analysisand Resolution $37,125 $218,331 $762,971 $46,527 $205,795 $1,301,478
One-time Costs of Adopting BUWG NA NA NA NA NA NA
Recommendations
Planning and Coordination NA NA NA NA NA NA
Manufacturing Ticket M odification NA NA NA NA NA NA
Modification of Sample Handling Logistics NA NA NA NA NA NA
Total One-time Costs NA NA NA NA NA NA
Total Recurring Costs $167,262 $984,050 $3,488,601 $488,872 $2,159,441 $13,776,048
Total Annual Costs $167,262 $984,050 $3,488,601 $488,872 $2,159,441 $13,776,048
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Table 3-5: Unit (Per-firm) Costs Under BUWG Recommendations

Innovator Generic
Element Small Medium Large Small Medium Large
Validation $36,926 $218,313 $910,675 $49,900 $212,075 $1,695,709
Blend Testing $4,139 $24,469 $102,073 $5,593 $23,770 $190,063
Compendia Testing (USP <905>) $9,813 $58,017 $242,014 $13,261 $56,359 $450,638
In-process Content Uniformity (CU) Testing $22,974 $135,826 $566,589 $31,046 $131,945 $1,055,008
Out-of-Specification (OOS) Analysisand Resolution NA NA NA NA NA NA
Routine Production (Scenario 1 - 95% reduction) $131,550 $773,639 $2,703,530 $164,865 $729,220 $4,611,692
Routine Production (Scenario 2 - 90% reduction) $133,406 $784,556 $2,741,679 $167,191 $739,509 $4,676,766
Routine Production (Scenario 1 - 80% reduction) $137,119 $806,389 $2,817,976 $171,844 $760,089 $4,806,914
Blend Testing NA NA NA NA NA NA
Compendia Testing (USP <905>) $5,885 $34,609 $120,943 $7,375 $32,622 $206,305
In-process Content Uniformity (CU) Testing $123,809 $728,114 $2,544,439 $155,163 $686,308 $4,340,313
Out-of-Specification (OOS) Analysisand Resolution
Scenario 1 - 95% reduction $1,856 $10,917 $38,149 $2,326 $10,290 $65,074
Scenario 2 - 90% reduction $3,713 $21,833 $76,297 $4,653 $20,580 $130,148
Scenario 3 - 80% reduction $7,425 $43,666 $152,594 $9,305 $41,159 $260,296
One-time Costs of BUWG Adoption $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Planning and Coordination $2,903 $17,074 $59,667 $3,639 $16,094 $101,780
Manufacturing Ticket M odification $971 $5,708 $19,947 $1,216 $5,380 $34,025
Modification of Sample Handling Logistics $2,799 $3,598 $5,196 $2,799 $3,598 $5,196
Scenario 1 - 95% reduction
Total One-time Costs $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Total Recurring Costs $168,476 $991,952 $3,614,205 $214,765 $941,295 $6,307,402
Total Annual Costs $169,426 $995,707 $3,626,280 $215,854 $944,864 $6,327,477
Scenario 2 - 90% reduction
Total One-time Costs $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Total Recurring Costs $170,332 $1,002,868 $3,652,354 $217,091 $951,584 $6,372,475
Total Annual Costs $171,282 $1,006,624 $3,664,429 $218,181 $955,154 $6,392,551
Scenario 3 - 80% reduction
Total One-time Costs $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Total Recurring Costs $174,045 $1,024,701 $3,728,651 $221,744 $972,164 $6,502,623
Total Annual Costs $174,995 $1,028,457 $3,740,726 $222,833 $975,734 $6,522,699
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Table 3-6: Unit (Per-firm) Costs (Savings) From Adoption of BUWG Recommendations

Innovator Generic
Element Small Medium Large Small Medium Large
Validation $24,487 $144,772 $603,906 $33,091 $140,636 $1,124,495
Blend Testing $1,513 $8,946 $37,318 $2,045 $8,690 $69,487
Compendia Testing (USP <905>) $0 $0 $0 $0 $0 $0
In-process Content Uniformity (CU) Testing $22,974 $135,826 $566,589 $31,046 $131,945  $1,055,008
Out-of -Specification (OOS) Analysisand Resolution NA NA NA NA NA NA
Routine Production (Scenario 1 - 95% reduction) ($23,274) ($136,870) ($478,302) ($307,198) ($1,358,782) ($8,593,142)
Routine Production (Scenario 2 - 90% reduction) ($21,417) ($125,954) ($440,154) ($304,872) ($1,348,493) ($8,528,068)
Routine Production (Scenario 1 - 80% reduction) ($17,705) ($104,121) ($363,857) ($300,219) ($1,327,913) ($8,397,920)
Blend Testing NA NA NA ($278,031) ($1,229,771) ($7,777,252)
Compendia Testing (USP <905>) ($111,813) ($657,570) ($2,297,919) ($140,130) ($619,814) ($3,919,798)
In-process Content Uniformity (CU) Testing $123,809 $728,114 $2,544,439 $155,163 $686,308 $4,340,313
Out-of-Specification (OOS) Analysisand Resolution
Scenario 1 - 95% reduction ($35,269) ($207,414) ($724,822) ($44,201) ($195,505) ($1,236,404)
Scenario 2 - 90% reduction ($33,413) ($196,498) ($686,674) ($41,874) ($185,216) ($1,171,331)
Scenario 3 - 80% reduction ($29,700) ($174,665) ($610,377) ($37,222) ($164,636) ($1,041,183)
One-time Costs of BUWG Adoption $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Planning and Coordination $2,903 $17,074 $59,667 $3,639 $16,094 $101,780
Manufacturing Ticket M odification $971 $5,708 $19,947 $1,216 $5,380 $34,025
Modification of Sample Handling Logistics $2,799 $3,598 $5,196 $2,799 $3,598 $5,196
Scenario 1 - 95% reduction
Total One-time Costs (Savings) $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Total Recurring Costs (Savings) $1,214 $7,902 $125,604 ($274,108) ($1,218,147) ($7,468,647)
Total Annual Costs (Savings) $2,164 $11,658 $137,679 ($273,018) ($1,214,577) ($7,448,572)
Scenario 2 - 90% reduction
Total One-time Costs (Savings) $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Total Recurring Costs (Savings) $3,070 $18,818 $163,753 ($271,781) (8$1,207,857) ($7,403,573)
Total Annual Costs (Savings) $4,020 $22,574 $175,828 ($270,692) ($1,204,287) ($7,383,498)
Scenario 3 - 80% reduction
Total One-time Costs (Savings) $6,673 $26,380 $84,810 $7,654 $25,072 $141,001
Total Recurring Costs (Savings) $6,782 $40,651 $240,050 ($267,129) ($1,187,278) ($7,273,425)
Total Annual Costs (Savings) $7,732 $44,407 $252,125 ($266,039) ($1,183,708) ($7,253,350)
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offset by savings from the elimination of routine blend testing. The estimated annual incrementd
costs of the BUWG proposal range from $2,200 to $7,700 for small, $11,700 to $44,400 for
medium-sized, and from $137,700 to $252,100 for large innovator companies under the three
scenarios. In contrast, the net annual cost savings to generic firms will range from $273,000 to
$266,000 for small, from $1.18 million to $1.21 million for medium-sized, and from $7.3 million

to $7.5 million for large firms under the three scenarios (see Table 3-6).

The magnitude of per-firm costs and savings are sensitive to the average manufacturing
batch value estimated at $94,782 for all firms (innovator and generic). Should the figure be
adjusted to reflect a higher per-batch value for innovator firms, the per-firm costs for innovator
companies under the BUWG proposal will decline as savings from reductions in OOS result
frequency will partially (or completely) offset the increase in costs for validation due to tighter
testing requirements. In contrast, alower average manufacturing batch value for generic firms
will result in the reduction of per-firm savings generic companies are expected to realize as the
magnitude of savings from expected OOS result frequency reduction and elimination of routine

blend testing declines.

3.4 Total Impacts

Tables 3-7 and 3-8 present the total baseline costs and costs under the BUWG proposal
by type of company, respectively. The total annual baseline costs range from $12.7 million for
small, to $10.4 million for medium-sized, to $42.3 million for large innovator firms. Further,
generic industry annual cogts range from $44.9 million for small, to $27.6 million for medium-
sized, and to $202.2 million for large firms. Overall, the baseline costs (innovator and generic
combined) for testing and OOS analysis are $340.2 million.
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Table 3-7: Total Industry Costs Under Current Industry Practice

Innovator Generic
Element Small Medium Large Small Medium Large Total
Validation $944,848 $777,725  $3,723,805 $1,544,063 $913,633 $8,385,128 $16,289,203
Blend Testing $199,446 $164,168 $786,050 $325,933 $192,857 $1,769,998 $3,438,451
Compendia Testing (USP <905>) $745,402 $613,557 $2,937,755 $1,218,130 $720,776  $6,615,130 $12,850,751
In-process Content Uniformity (CU) Testing NA NA NA NA NA NA NA
Out-of-Specification (OOS) Analysisand Resolution NA NA NA NA NA NA NA
Routine Production $11,760,301 $9,629,060 $38,623,608 $43,362,715 $26,703,321 $193,839,992 $323,918,998
Blend Testing NA NA NA $25,539,341 $15,727,457 $114,165,953 $155,432,751
Compendial Testing (USP <905>) $8,940,302 $7,320,110 $29,362,064 $13,549,512 $8,343,965 $60,569,023 $128,084,976
In-process Content Uniformity (CU) Testing NA NA NA NA NA NA NA
Out-of -Specification (O0S) Analysisand Resolution $2,819,999 $2,308,950 $9,261,544 $4,273,862 $2,631,899 $19,105,016 $40,401,271
One-time Costs of Adopting the BUWG NA NA NA NA NA NA NA
Recommendations
Planning and Coordination NA NA NA NA NA NA NA
Manufacturing Ticket M odification NA NA NA NA NA NA NA
Modification of Sample Handling L ogistics NA NA NA NA NA NA NA
Total One-time Costs NA NA NA NA NA NA NA
Total Recurring Costs $12,705,149 $10,406,785 $42,347,413  $44,906,778 $27,616,954 $202,225,121 $340,208,200
Total Annual Costs $12,705,149 $10,406,785 $42,347,413  $44,906,778 $27,616,954 $202,225,121 $340,208,200
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Table 3-8: Total Industry Costs Under BUWG Recommendations

Innovator Generic
Element Small Medium Large Small Medium Large Total
Validation $2,804,878 $2,308,756 $11,054,498 $4,583,710 $2,712,214 $24,892,116 $48,356,172
Blend Testing $314,384 $258,776 $1,239,040 $513,764  $303,998 $2,790,026 $5,419,988
Compendia Testing (USP <905>) $745,402 $613,557 $2,937,755 $1,218,130  $720,776 $6,615,130 $12,850,751
In-process Content Uniformity (CU) Testing $1,745,092  $1,436,423 $6,877,702 $2,851,816 $1,687,440 $15,486,959 $30,085,433
Out-of-Specification (OOS) Analysisand Resolution NA NA NA NA NA NA NA
Routine Production (Scenario 1 - 95% reduction) $9,992,459 $8,181,592 $32,817,597 $15,144,113 $9,325,941 $67,697,210 $143,158,913
Routine Production (Scenario 2 - 90% reduction) $10,133,459 $8,297,040 $33,280,674 $15,357,807 $9.,457,536 $68,652,461 $145,178,977
Routine Production (Scenario 1 - 80% reduction) $10,415,459 $8,527,935 $34,206,829 $15,785,193 $9,720,726 $70,562,963 $149,219,104
Blend Testing NA NA NA NA NA NA NA
Compendia Testing (USP <905>) $447,015 $366,006 $1,468,103 $677,476 $417,198 $3,028,451 $6,404,249
In-process Content Uniformity (CU) Testing $9,404,444  $7,700,139 $30,886,417 $14,252,945 $8,777,148 $63,713,508 $134,734,601
Out-of-Specification (OOS) Analysisand Resolution
Scenario 1 - 95% reduction $141,000 $115,447 $463,077 $213,693  $131,595 $955,251 $2,020,064
Scenario 2 - 90% reduction $282,000 $230,895 $926,154 $427,386  $263,190 $1,910,502 $4,040,127
Scenario 3 - 80% reduction $564,000 $461,790 $1,852,309 $854,772 $526,380 $3,821,003 $8,080,254
One-time Costs of BUW G Adoption $506,866 $278,982 $1,029,487 $703,072 $320,645 $2,069,825 $4,908,877
Planning and Coordination $220,534 $180,568 $724,286 $334,231 $205,824  $1,494,080 $3,159,522
Manufacturing Ticket M odification $73,725 $60,364 $242,130 $111,734 $68,807 $499,473 $1,056,233
Modification of Sample Handling Logistics $212,608 $38,050 $63,071 $257,107 $46,014 $76,272 $693,122
Scenario 1 - 95% reduction
Total One-time Costs $506,866 $278,982 $1,029,487 $703,072 $320,645 $2,069,825 $4,908,877
Total Recurring Costs $12,797,337 $10,490,349 $43,872,095 $19,727,824 $12,038,155 $92,589,326 $191,515,086
Total Annual Costs $12,869,504 $10,530,070 $44,018,671 $19,827,925 $12,083,807 $92,884,023 $192,213,999
Scenario 2 - 90% reduction
Total One-time Costs $506,866 $278,982 $1,029,487 $703,072 $320,645 $2,069,825 $4,908,877
Total Recurring Costs $12,938,337 $10,605,796 $44,335,173 $19,941,517 $12,169,750 $93,544,577 $193,535,149
Total Annual Costs $13,010,504 $10,645,517 $44,481,748 $20,041,619 $12,215,402 $93,839,273 $194,234,063
Scenario 3 - 80% reduction
Total One-time Costs $506,866 $278,982 $1,029,487 $703,072 $320,645 $2,069,825 $4,908,877
Total Recurring Costs $13,220,337 $10,836,691 $45,261,327 $20,368,903 $12,432,939 $95,455,078 $197,575,276
Total Annual Costs $13,292,503 $10,876,412 $45,407,903 $20,469,005 $12,478,592 $95,749,775 $198,274,190
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Table 3-9: Total Industry Costs (Savings) From Adoption of BUWG Recommendations

Innovator Generic
Element Small Medium Large Small Medium Large Total
Validation $1,860,030 $1,531,032 $7,330,693 $3,039,647 $1,798,581 $16,506,987 $32,066,969
Blend Testing $114,938 $94,608 $452,991 $187,831 $111,141 $1,020,028 $1,981,537
Compendial Testing (USP <905>) $0 $0 $0 $0 $0 $0 NA
In-process Content Uniformity (CU) Testing $1,745,092 $1,436,423 $6,877,702 $2,851,816 $1,687,440 $15,486,959 $30,085,433
Out-of-Specification (OOS) Analysis and Res. NA NA NA NA NA NA NA
Routine Production (Scenario 1 - 95% reduction) ($1,767,842) ($1,447,468) ($5,806,011) ($28,218,601) ($17,377,380) ($126,142,782) ($180,760,084)
Routine Production (Scenario 2 - 90% reduction) ($1,626,842) ($1,332,020) ($5,342,934) ($28,004,908) ($17,245,785) ($125,187,531) ($178,740,021)
Routine Production (Scenario 1 - 80% reduction) ($1,344,842) ($1,101,125) ($4,416,779) ($27,577,522) ($16,982,595) ($123,277,030) ($174,699,894)
Blend Testing NA NA NA ($25,539,341) ($15,727,457) ($114,165,953) ($155,432,751)
Compendia Testing (USP <905>) ($8,493,287) ($6,954,105) ($27,893,961) ($12,872,036) ($7,926,767) ($57,540,572) ($121,680,727)
In-process Content Uniformity (CU) Testing $9,404,444 $7,700,139 $30,886,417  $14,252,945 $8,777,148 $63,713,508  $134,734,601
Out-of-Specification (OOS) Analysis and Res.
Scenario 1 - 95% reduction ($2,678,999) ($2,193,502) ($8,798,467) ($4,060,169) ($2,500,304) ($18,149,765) ($38,381,207)
Scenario 2 - 90% reduction ($2,537,999) ($2,078,055) ($8,335,390)  ($3,846,476) ($2,368,710) ($17,194514) ($36,361,144)
Scenario 3 - 80% reduction ($2,255,999) ($1,847,160) ($7,409,236) ($3,419,090) ($2,105,520) ($15,284,013) ($32,321,017)
One-time Costs of BUWG Adoption $506,866 $278,982 $1,029,487 $703,072 $320,645 $2,069,825 $4,908,877
Planning and Coordination $220,534 $180,568 $724,286 $334,231 $205,824 $1,494,080 $3,159,522
Manufacturing Ticket M odification $73,725 $60,364 $242,130 $111,734 $68,807 $499,473 $1,056,233
Modification of Sample Handling Logistics $212,608 $38,050 $63,071 $257,107 $46,014 $76,272 $693,122
Scenario 1 - 95% reduction
Total One-time Costs (Savings) $506,866 $278,982  $1,029,487 $703,072 $320,645 $2,069,825 $4,908,877
Total Recurring Costs (Savings) $92,188 $83,564 $1,524,682 ($25,178,954) ($15,578,799) ($109,635,795) ($148,693,115)
Total Annual Costs (Savings) $164,355 $123,284 $1,671,258 ($25,078,853) ($15,533,147) ($109,341,098) ($147,994,201)
Scenario 2 - 90% reduction
Total One-time Costs (Savings) $506,866 $278,982  $1,029,487 $703,072 $320,645 $2,069,825 $4,908,877
Total Recurring Costs (Savings) $233,188 $199,011  $1,987,759 ($24,965,261) ($15,447,204) ($108,680,544) ($146,673,051)
Total Annual Costs (Savings) $305,355 $238,732  $2,134,335 ($24,865,160) ($15,401,552) ($108,385,848) ($145,974,138)
Scenario 3 - 80% reduction
Total One-time Costs (Savings) $506,866 $278,982  $1,029,487 $703,072 $320,645 $2,069,825 $4,908,877
Total Recurring Costs (Savings) $515,188 $429,906 $2,913,914 ($24,537,875) ($15,184,014) ($106,770,043) ($142,632,924)
Total Annual Costs (Savings) $587,354 $469,627 $3,060,489 ($24,437,773) ($15,138,362) ($106,475,346) ($141,934,010)
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Under the BUWG proposal, the net annual industry costs for innovator firms range from
$164, 400 to $587,400 for small, from $123,300 to $469,600 for medium-sized, and from $1.7
million to $3.1 million for large firms. The generic industry, on the other hand, is estimated to
realize net annual cost savings ranging from $24.4 million to $25.1 million for small, from $15.1
million to $15.5 million for medium-sized, and from $106.5 million to $109.3 million for large
firms under the three different scenarios. The total cost savings to the generic industry under the
BUWG proposal are expected to range from $146.0 million to $150.0 million. The innovator
industry is expected to incur between $2.0 and $4.1 million to adopt the BUWG
recommendations. Overall, the net annual savings to the solid oral drug product industry is
approximately $141.9 million under the least optimistic scenario of 80 percent reduction in OOS
result frequency and is $148.0 million under the best-case scenario of 95 percent reductionin

OOS result frequency.

As discussed in the previous section, the magnitude of total industry costs and savings are
also dependent on the estimated average manufacturing batch value per firm. An increase in this
value for innovator firms will decrease total costs for the innovator industry sector under the
BUWG proposa as savingsin OOS result frequency reduction will partidly (or completely)
offset increased costs for validation. In contrast, alower average manufacturing batch value for
generic companies will reduce thetotal savings attributable to the generic industry sector. The
net impact of these changes across the industry as a whole (innovator and generic) arelikely to be
minimal. Such changes will impact the allocation of costs/savings between the innovator and

generic industry sectors, however.
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SECTION FOUR

SENSITIVITY ANALYSIS

The economic impact estimates of the adoption of BUWG recommendations are sensitive
to assumptions on (1) the average number of routine production batches per product
manufactured by a company annually and (2) the expected percentage reduction in OOS result
frequency. To characterize the degree of uncertainty surrounding the economic impact estimates,
ERG conducted a sensitivity anaysis. Section 4.1 presents the economic impact estimates under
different assumptions on the average number of routine production batches per product. Section
4.2 depicts the variation in economic impact estimates under different values of expected OOS

frequency reduction. Findly, Section 4.3 summarizes the results of the sensitivity analysis.

4.1 Average Annual Number of Routine Production Batches per Product

The scale of commercial production for agiven firm can potentially vary from one batch
per day for high-volume productsto as low as 2 to 3 batches a year for low-volume products.
Thus, the total number of routine production batches manufactured by a firm depends on the
firm’s high-, medium-, and low-volume product mix, as well as the totd number of products it
manufactures. In the model, the assumption on the number of routine production batches
manufactured per product impacts the average value per batch estimates as well as the estimates

of the total number of routine production batches manufactures per year by firm size.

Table 4-1 presents the range of economic impact estimates under different assumptions
on the average number of routine production batches and expected OOS result frequencies.
Assuming an OOS result frequency reduction of 95 percent (Scenario 1), the magnitude of cost
savings to be realized by the solid oral drug product industry ranges from $18.0 million to as high
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Table 4-1: Industry-wide Economic Impacts Under Different Assumptions on the Average Number of Routine Production Batches (RPB)
per Product and Reduction in Expected OOS Result Frequency

Percent Reduction Costs (Savings) by Average Number of Routine Production Batches (RPB) per Product

in 00S Frequency RPB=3 RPB=5 RPB=10 RPB=15 RPB=20
0.0% $841,665 ($17,567,730) ($63,590,482) ($109,612,994) ($155,635,440)
5.0% ($150,302) ($18,731,047) ($65,182,173) ($111,633,057) ($158,083,877)
10.0% ($1,142,269) ($19,894,364) ($66,773,863) ($113,653,121) ($160,532,314)
15.0% ($2,134,237) ($21,057,681) ($68,365,553) ($115,673,184) ($162,980,750)
20.0% ($3,126,204) ($22,220,998) ($69,957,244) ($117,693,248) ($165,429,187)
25.0% ($4,118,171) ($23,384,315) ($71,548,934) ($119,713,311) ($167,877,623)
30.0% ($5,110,138) ($24,547,632) ($73,140,625) ($121,733,375) ($170,326,060)
35.0% ($6,102,105) ($25,710,949) ($74,732,315) ($123,753,439) ($172,774,497)
40.0% ($7,094,073) ($26,874,266) ($76,324,005) ($125,773,502) ($175,222,933)
45.0% ($8,086,040) ($28,037,583) ($77,915,696) ($127,793,566) ($177,671,370)
50.0% ($9,078,007) ($29,200,900) ($79,507,386) ($129,813,629) ($180,119,806)
55.0% ($10,069,974) ($30,364,217) ($81,099,077) ($131,833,693) ($182,568,243)
60.0% ($11,061,942) ($31,527,534) ($82,690,767) ($133,853,756) ($185,016,680)
65.0% ($12,053,909) ($32,690,851) ($84,282,457) ($135,873,820) ($187,465,116)
70.0% ($13,045,876) ($33,854,168) ($85,874,148) ($137,893,883) ($189,913,553)
75.0% ($14,037,843) ($35,017,485) ($87,465,838) ($139,913,947) ($192,361,989)
80.0% ($15,029,811) ($36,180,802) ($89,057,529) ($141,934,010) ($194,810,426)
85.0% ($16,021,778) ($37,344,119) ($90,649,219) ($143,954,074) ($197,258,863)
90.0% ($17,013,745) ($38,507,436) ($92,240,910) ($145,974,138) ($199,707,299)
95.0% ($18,005,712) ($39,670,753) ($93,832,600) ($147,994,201) ($202,155,736)
100.0% ($18,997,679) ($40,834,070) ($95,424,290) ($150,014,265) ($204,604,172)
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as $202.2 million as the average number of routine production batches manufactured per firm
varies from 3 per product to 20 per product (the last highlighted row in the table).™ Under
Scenario 2 (an OOS result frequency reduction of 90 percent), the cost savings range from $17.0
million to $199.7 million as the average number of routine production batches per firm varies
from 3 to 20 per product. Finally, an expected OOS frequency reduction of 80 percent (Scenario
3) yields the lowest savings among the three scenarios considered with arange of $15.0 million
to $194.8 million. Thus, as expected, thereis a direct relationship between economic impacts and
volume of commercial production (higher production volumes correspond to higher cost
savings). Under all of these scenarios, however, the innovator drug manufacturers will incur

costs whereas generic drug manufacturers will accrue savings.

4.2 Expected Reduction in OOS Result Frequency

One of the uncertainties is the expected percentage reduction in OOS batch frequencies as
aresult of the adoption of BUWG recommendations. The adoption of BUWG recommendations
is expected to improve total process and blending operation control due to tightened testing
during validation. Thisimproved control is likely to lead to fewer problems (i.e, fewer OOS
batches, product recalls) during manufacturing. Additionally, given the inherent sampling error
associated with thief sampling of blends, companies judged that the elimination of routine blend

sampling may entirely eliminate those OOS results attributable to blend sampling errors.

Although it is not possible to forecast the expected reduction in OOS result frequency ex
ante, it is possible to characterize the degree of uncertainty associated with the impact estimates
viaasengitivity analysis. From Table 4-1, the industry-wide cost savings estimate ranges from

$109.6 million for no reduction in OOS result frequency to $150.0 million for a 100 percent

™ The low-end of the range (an average of 3 batches per product) is not very likely but is
provided for exposition purposes only.
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reduction in OOS result frequency (refer to the highlighted column in the table). The overall cost
savings increase approximately linearly with decreases in expected OOS results under the
BUWG proposal.

4.3 Summary of Sensitivity Analysis Results

Figure 4-1 graphically depicts the re ationship between OOS result frequency reductions
and economic impact estimates for different values of average routine production batches per
product. Even for very low production volumes (i.e., small average number of routine production
batch estimates) and reductions in OOS result frequencies, the adoption of BUWG
recommendations results in net overall savings to the solid oral drug product manufacturing
industry. Asindicated in Section Three, however, the cost savings accrue to generic

manufacturers while innovator firmsincur incremental costs.
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Figure 4-1: Sensitivity Analysis Overview
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GLOSSARY

Blend. An intermediate stage or final blend for compression, encapsulation, or other final
procesing, such as sachet filling.

Blend uniformity analysis (BUA) or testing. Any procedure used in removing samples of
blend and analyzing a part or whole of the sample for content of active ingredient(s).

Compendial testing. Testing of finished dosage units for content of active ingredient(s)
according to USP <905>.

In-process content uniformity (CU) testing. Sampling of in-process dosage units
throughout the compression or filling process (as recommended by BUWG) and then testing for
content of active ingredients according to USP <905>.

Marginally-compliant. Products for which ANDA exhibit and validation batches have one or
more relative standard deviation (RSD) values of greater than 4.0 but less than or equal to 6.0
percent for in-process dosage units, but which comply with the BUWG acceptance criteria for
mean and individua values.

Not-quickly-resolved problem. An operator/equipment error (nonprocess-related) or a
manufacturing error (process-related) yielding an OOS result. For example, manufacturing
equipment might malfunction or an operator might fail to add the proper amount of an active
ingredient resulting in a nonprocess-related error. In contrast, process-related problems, such as
incorrect mixing time, occur even thought the operators and equipment function properly.

Out-of-specification (OOS) result. A batch with blend uniformity and/or compendid test
results that fall outside the specifications or acceptance criteria established in new and/or
abbreviated new drug applications, official compendia, such as the U.S. Pharmacopeia (USP), or
by the manufacturer.

Quickly-resolved problem. An OOS result due to alaboratory error resulting from an
analyst’ s mistake or malfunctioning |aboratory equipment.

Readily-compliant. Products with relative standard deviation (RSD) values of |ess than or
equal to 4.0 percent for in-process dosage units, with all mean results within 90.0 and 110.0
percent and all individual results between 75.0 and 125.0 percent, for each exhibit and validation
batch.
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Representative batch. A batch that adequately characterizes the majority of batches
manufactured by a given company for reporting purposes.

Routine production batch. A commercia scale batch of a drug product that is manufactured
in the normal course of operations and is not a batch for validation purposes.
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APPENDIX A

BUWG DEMONSTRATION OF ADEQUACY OF MIX AND CONTENT
UNIFORMITY FOR ANDA EXHIBIT AND VALIDATION BATCHES
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APPENDIX B

BUWG DEMONSTRATION OF ADEQUACY OF MIX AND CONTENT
UNIFORMITY DURING ROUTINE MANUFACTURE
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